To estimate lifetime cost effectiveness of lifestyle interventions to treat overweight and obese children, from the UK National Health Service perspective. DESIGN: An adaptation of the National Heart Forum economic model to predict lifetime health service costs and outcomes of lifestyle interventions on obesity-related diseases. SETTING: Hospital or community-based weight-management programmes. POPULATION: Hypothetical cohorts of overweight or obese children based on body mass data from the National Child Measurement Programme. INTERVENTIONS: Lifestyle interventions that have been compared with no or minimal intervention in randomized controlled trials (RCTs). MAIN OUTCOME MEASURES: Reduction in body mass index (BMI) standard deviation score (SDS), intervention resources/costs, lifetime treatment costs, obesity-related diseases and cost per life year gained. RESULTS: Ten RCTs were identified by our search strategy. The median effect of interventions versus control from these 10 RCTs was a difference in BMI SDS of À0.13 at 12 months, but the range in effects among interventions was broad (0.04 to À0.60). Indicative costs per child of these interventions ranged from d108 to d662. For obese children aged 10 --11 years, an intervention that resulted in a median reduction in BMI SDS at 12 months at a moderate cost of d400 increased life expectancy by 0.19 years and intervention costs were offset by subsequent undiscounted savings in treatment costs (net saving of d110 per child), though this saving did not emerge until the sixth or seventh decade of life. The discounted cost per life year gained was d13 589. Results were broadly similar for interventions aimed at children aged 4 --5 years and which targeted both obese and overweight children. For more costly interventions, savings were less likely. CONCLUSION: Interventions to treat childhood obesity are potentially cost effective although cost savings and health benefits may not appear until the sixth or seventh decade of life.
INTRODUCTION
Obesity in children and adolescents is associated with a range of adverse metabolic and cardiovascular risk factors. 1 Obese children are more likely to be obese as adults 2 --4 and also have an increased risk of coronary heart disease (CHD) in adulthood. 5 It is a public health priority to prevent and treat obesity in children and adults, in order to reduce morbidity and premature mortality. 6, 7 The prevalence of obesity in children aged between 2 and 10 years in England for 2007 was estimated to be 14 and 13% for girls and boys, respectively (using the 95th percentile of the UK 1990 growth reference to define obesity). 8 Analysis of Health Survey for England data suggests that the increased prevalence of childhood obesity may be levelling off, but it is too early to know whether the peak in prevalence has been reached or if this apparent plateau is general variation around an on-going increase. 9, 10 In the United Kingdom, the percentage of National Health Service (NHS) costs attributable to elevated body mass index (BMI) across all age groups was 6% in 2007, and is predicted to rise to 11.9% in 2025 and 13.9% in 2050. 11 A variety of childhood weightmanagement interventions are already commissioned by UK health-care authorities. If these interventions are effective in reducing childhood obesity they have the potential to be cost effective over the lifetime of the child. The effectiveness of many of these interventions is unknown because they have not been evaluated in randomized controlled trials (RCTs). Even where RCTs have been conducted, follow-up is often limited and economic analysis is absent making it impossible for health-care payers to precisely estimate the lifetime costs and benefits for their population. Previous studies have attempted to determine the potential long-term cost effectiveness of interventions aimed at treating overweight or obese children, but these studies have largely assessed interventions that have not been evaluated in RCTs. 12 However, without RCT evidence of public health effectiveness the meaning of the cost-effective analysis is unclear.
The aim of our study is to model the potential cost effectiveness of RCT-evaluated lifestyle interventions (that is, non-surgical, nonpharmaceutical) to treat overweight or obesity in primary school aged children over their lifetime in terms of NHS costs/savings, life years saved and incidence of obesity-related disease.
MATERIALS AND METHODS

Defining cohorts of overweight/obese children
As part of the NCMP (National Child Measurement Programme) in England, 13 authorities are required to collect BMI data on all eligible children aged 4 --5 and 10 --11 years in state schools. The NCMP is an 'opt-out' study where guardians explicitly have to deny permission if they do not wish their child to be measured. We used data from four regions in South West England (Bristol, Bath and North East Somerset (BaNES), South Gloucestershire and North Somerset) for the year 2008/2009. In these four regions, the prevalence of overweight or obesity in the 4 --5-year and 10 --11-year age groups (23% and 31%, respectively) was representative of the national prevalence (23% and 33%, respectively). Based on these data, we simulated four cohorts of children, representing two weight groups (obese only or overweight and obese) and two age groups (4 --5 or 10 --11 years). We used the age-and gender-specific clinical thresholds recommended by NICE (National Institute of Health and Clinical Excellence) 14 to define overweight and obesity (X91st and X98th UK90 percentiles, respectively).
Determining effect sizes and costs of RCT-evaluated treatments for overweight/obese children We estimated a plausible range for intervention effect size at 12 months based on the RCTs of lifestyle interventions targeted at overweight or obese primary school aged children. We identified RCTs published before May 2008 from a Cochrane review of obesity treatments. 15 We modified and updated the Cochrane search strategy (web reference 1) to identify RCTs published between May 2008 and February 2010 and recorded in the OVID Medline database. Our eligibility criteria (web reference 2) restricted our analysis to trials conducted in predominantly overweight or obese primary school aged children where a lifestyle intervention was compared with 'no' or 'minimal' intervention over a period of at least 6 months.
Most published reports of RCTs did not perform a detailed cost analysis or provide enough information about the resources used to facilitate a retrospective estimation of cost. To provide an indicator of the likely resource use of each intervention, we ranked interventions according to the number and duration of intervention sessions (that is, professional contact time). As most lifestyle interventions did not require expensive materials or equipment, contact time is likely to be strongly correlated with the cost of intervention, with the exception of interventions delivered by high earners such as General Practitioners. Where the intervention cost per child was estimated in the trial or reported in a separate source, we recorded this (web reference 4). Costs were converted into UK currency (d) using Organisation for Economic Co-operation and Development purchasing power parity values for 2009. 16 Based on the range of costs reported in the literature (d108 --d662 per child; web reference 4), we modelled a range of interventions including low-cost (d100), moderate-cost (d400) and high-cost (d800) interventions. The cost of weight-management treatment in the absence of a lifestyle intervention was assumed to be zero as currently very little is offered to most primary school children who are overweight or obese.
Determining incidence of overweight/obesity-related disease over the lifetime of the cohort children We used the National Heart Forum (NHF) 'Obesity Model', originally developed for the Foresight 'Tackling Obesities' project and subsequently enhanced, to predict the incidence of weight-related diseases over the lifetime of the four cohorts of children in the absence of any interventions. Technical details of the NHF model have been published previously.
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Many other obesity simulation models have been developed; 17 however, the NHF model is the only one calibrated to UK data predicting the health and economic consequences of weight gain. The NHF model simulates a hypothetical cohort of 50 000 children by randomly sampling, with replacement, the age, sex and BMI of actual children measured in schools from the four regions of South West England. The cohort is then 'aged' by the model, gaining weight and developing weight-related disease over time in line with projections based on the Health Survey for England. This is estimated through a BMI growth equation simulated using Monte Carlo techniques for every year until death for all individuals in the cohort. 11 The model tracks BMI and the incidence, prevalence and costs of weightrelated diseases of individuals over their lifetime.
We compared the natural progression of BMI in the four cohorts with several scenarios where children have access to weight-management interventions. A total of nine interventions (sensitivity analyses) were simulated in the model, representing all permutations of BMI standard deviation score (SDS) reduction (minimal, median or maximal effect size) and intervention cost (low, moderate and high). Our effect size estimates are based on the BMI SDS data reported in the RCTs. For studies that reported only BMI, we converted to BMI SDS based on the gender and baseline mean age of the children enrolled in the RCT using the UK90 growth charts. 18 We repeated this calculation at follow-up to estimate change in BMI SDS. We used the effect sizes reported in the RCTs at 12 months to define (i) median effect size (equal to the median effect size reported in the RCTs); (ii) maximal effect size (equal to the largest effect size reported in the RCTs) and (iii) minimal effect size (equal to the lowest effect size reported in the RCTs). We assumed that these 12-month changes in BMI SDS were not transitory and defined an individual's lifetime weight trajectory, an important assumption that we return to in our discussion. Likewise, we defined 'low' (d100) and 'high' (d800) cost interventions to encompass the minimum and maximum intervention costs estimated in the literature and 'moderate' cost (d400) to equal the approximate cost of a typical lifestyle intervention delivered to groups of children in a community setting.
Determining lifetime costs of overweight/obesity-related diseases
We used national programme budgeting data 19 to estimate the annual NHS cost per case associated with five weight-related diseases (CHD, stroke, diabetes, breast cancer and colorectal cancer). The total NHS secondary and primary care spending in England on each of the five weight-related diseases (web reference 3) is divided by the estimated prevalence of each disease, derived from the NHS Clinical and Health Outcomes Knowledge Base compendium indicators 20 or cancer registry data, 21 to estimate the cost per patient per year of disease in the model. These five diseases include those with the highest BMI attributable incidence (for example, diabetes), but exclude other weight-related conditions such as osteo-arthritis for which no national expenditure data were available. NICE guidance recommends that both costs and health outcomes occurring in future years are discounted at 3.5% per annum. 22 In effect, discounting devalues any future savings due to health promotion strategies in children and is controversial in this context. 23 We therefore report both discounted and undiscounted results.
The incremental costs/savings and health effects of interventions in all four cohorts were calculated by comparing cost and outcomes in the intervention scenarios with those in the equivalent natural progression scenario.
RESULTS
In the NCMP, 9956 (92.7%) of 4 --5 year olds and 9698 (90.0%) of 10 --11 year olds were measured in the four regions included in this study. The mean BMI SDS (0.47 versus 0.40) and the proportion of children classified as overweight or obese (23.3% versus 14.5%; X91st UK90 percentile) or obese (9.5% versus 4.7%; X98th UK90 percentile) were higher in 10 --11 year olds than in 4 --5 year olds. We identified 707 potentially relevant publications ( The interventions to treat obesity could broadly be categorized into three groups: interventions aimed at modifying behaviour, diet and/or physical activity delivered to groups of children and/or parents 24, 26, 29, 31, 33 or delivered to individual families; 25, 27, 30 and technology-based interventions used in the home or community aimed at promoting physical activity or reducing sedentary activities. 28, 32 For the group-based interventions, planned contact time with professionals ranged from 10 (ref. 24) to 128 (ref. 29) hours delivered over periods ranging from 5 --12 months to groups of between 7 and 14 children and/or families. Where reported, intervention costs for group-based interventions ranged from d219 per child 34 for a programme involving up to 45 h of professional contact time delivered by a dietitian and students to d662 per child for a programme involving up to 128 h of professional contact time delivered by sports coaches, dietitians and psychologists. 35 The MEND ('Mind Exercise, Nutrition, Do it!') intervention 33 currently commissioned by many health-care payers in England involves B36 h of contact time with children and parents conducted by health, social, education and exercise professionals and is estimated to cost Bd385 per child. 36 In contrast, interventions delivered to individual families all had o10 h of planned contact time with participants and were delivered by General Practitioners, pediatricians or dietitians over periods ranging from 12 weeks to 24 months. Cost per child, where estimated, ranged from d108 reported by Hughes et al. 25 for an intervention involving eight brief individual family contacts with a dietician, to d557 for a General Practitioners led intervention delivered over four consultations. 30 Based on this indicative range of costs, we modelled low, moderate and high intervention costs to be d100, d400 and d800 per child, respectively.
The majority of studies reported outcome data at 6 or 12 months. With one exception, 25 all studies suggested a trend for a relative reduction in BMI SDS in the intervention group at 6 or 12 months (Figure 2 ). At 12 months, the median effect on BMI SDS was À0.13 (ref. 31) and ranged from 0.04 (ref. 25) to À0.60, 29 although the reduction in BMI SDS was only statistically significant, at the conventional 5% level, in three studies. 27, 29, 31 The 'Sea Lion Club' intervention evaluated by Weigel et al. 29 had the largest effect size and was a clear outlier. The smallest favourable effect size observed was À0.03. 28 Therefore, in our model we evaluated interventions with minimal (À0.03), median (À0.13) and maximal (À0.60) reductions in BMI SDS.
In the model of obese children aged 10 --11 years, all interventions led to an improvement in both life expectancy and number of individuals surviving past 75 years of age ( Table 1 ). The median estimate of effect size results in an increase in life expectancy of 0.19 years and an increase in the percentage of individuals living past the age of 75 years of 0.7% compared with no intervention. For the most optimistic estimate of the intervention effect size, life expectancy increased by B1 year and the proportion of individuals living to be older than 75 years increases by 4.1% compared with no intervention. An intervention with a median effect size would decrease years lived with diabetes by 0.61 years, CHD by 0.09 years and stroke by 0.03 years. As the effect size increases the lifetime prevalence of these three diseases decreases (Figure 3) . However, this association between intervention effect size and disease prevalence is not consistent for breast cancer, colorectal cancer, arthritis and hypertension. For these diseases, the decrease in incidence due to weight reduction in the intervention cohort is more than offset, in some scenarios, by the increase in incidence due to increased longevity.
An intervention with a minimal effect size of À0.03 BMI SDS only saves d125 in undiscounted costs for treating weight-related diseases over the lifetime of a cohort of obese 10 --11 year olds (Table 2) . Therefore, assuming a moderate intervention cost of d400, this intervention would not be cost saving. The minimal effect size (À0.03 BMI SDS) has an incremental cost of d275 and o0.02 life years gained, which equates to an undiscounted cost per life year gained of d16 898. A moderate cost intervention with larger effect sizes (À0.13 and À0.60) results in undiscounted lifetime savings of d110 and d1728 per child, respectively.
All interventions are much less cost effective if future costs and health benefits are discounted. For example, an intervention that Potentially relevant RCTs identified and screened for retrieval (n =707)
RCTs retrieved for more detailed evaluation (n = 24)
Potentially appropriate RCTs to be included in the review (n = 13)
Excluded on basis of title and abstract by two reviewers (n=683)
Excluded by Economic evaluation of child obesity interventions W Hollingworth et al costs d400 and produces a À0.13 reduction in BMI SDS is no longer cost saving; instead discounted costs per life year gained are d13 589. However, this would still be considered cost effective at current national (d20 000 --d30 000 per quality adjusted life year) 22 and international 37 cost effectiveness thresholds assuming that weight reduction does not have a detrimental effect on quality of life. Results were largely similar, for cost and health outcomes, between the two school years and between the obese and overweight and obese groups (web reference 5).
At a cost of d100 per child, similarly to the cost estimated by Hughes et al., 25 all of the intervention effect sizes become cost saving within the lifetime of the children if future treatment costs are not discounted (Table 3) . For a BMI SDS reduction of À0.03, the cost of the intervention would never become cost saving for interventions over d200. An intervention producing a À0.13 BMI SDS reduction and costing d400 breaks-even 58 years post intervention. An intervention that results in a À0.60 BMI SDS reduction produces net savings unless the intervention is very expensive. Abbreviations: BMI, body mass index; CHD, coronary heart disease; SDS, standard deviation score.
DISCUSSION
Principal findings
Economic evaluation of child obesity interventions W Hollingworth et al
SDS over the course of a year among overweight and obese children in developed nations, but the nature of those interventions varies widely. For example, the target (parent, child or both), the setting (individual versus group, outpatient versus community), intensity (frequency and duration of contacts), practitioner (physician, dietician, exercise specialist) all differed substantially. It is, therefore, unsurprising that the observed treatment effect and reported costs of interventions were not uniform. Based on a median effect size (À0.13 reduction in BMI SDS) and moderate intervention cost (d400), we estimate that an intervention would lead to a small increase (0.19 life years) in the life expectancy of obese 10 --11 year olds. Furthermore, years of life lived with common weight-related diseases such as diabetes, CHD and stroke would decrease by 0.61, 0.09 and 0.03 years, respectively. 
This in turn will lead to savings in the treatment costs spent on these diseases; however, these will not pay back the initial intervention costs until the cohort reaches the sixth or seventh decade of life. The findings were broadly similar if the interventions were extended to both overweight and obese children and children aged 4 --5 years.
Strengths and weaknesses of the study The main strengths of this study are its importance, uniqueness and our systematic approach. The limitations largely result from the lack of available evidence and hence the assumptions that we have to make. Evidence is sparse on the extent to which shortterm reductions in BMI SDS are maintained post-intervention. The longest follow-up for trials included in our review was 2 years. 32 Long-term follow-up of an RCT of parent versus child focussed treatments for childhood obesity suggested that the additional benefit of the parent focussed approach peaked at 3 years and declined, but was still evident, up to 8 years after the intervention. 38 We assumed that 12 month changes in BMI SDS observed in the RCTs then defined an individual's weight trajectory for the rest of their life. In actuality, a sustained lifestyle change could lead to continued reductions in weight eventually back to the normal range or may only achieve a transitory change in habits with no long-term health benefits. Furthermore, the NHF model uses cross-sectional data from the Health Survey for England to construct BMI trajectories for individuals. However, children in 2010 may not follow the same BMI trajectory as previous generations. If weight loss in the first 12 months after intervention is not sustained throughout life or if children in 2010 follow steeper (increasing) gradient of BMI trajectory than previous generations our estimated cost savings will be exaggerated; with the converse true if our assumptions are incorrect in the opposite direction.
Our findings are dependent on the validity of the BMI SDS changes reported in the RCTs. All RCTs had been through the peer review process, but any remaining flaws in conduct or analysis could have introduced bias. While we believe that the median effect of intervention on BMI used in our model should be achievable in practice, results from individual RCTs should be interpreted in the context of the quality of trial conduct and analysis. The cost of intervention was rarely reported alongside the RCT. Even where reported, the costing methods were often inadequately described. We selected a range of costs in our modelling exercise that encompassed those reported in the literature. However, the lack of high quality cost analyses in the literature is a clear limitation for health-care commissioners trying to judge the likely cost effectiveness of a specific intervention.
Our model possibly provides a conservative estimate of cost savings due to intervention because we do not include societal costs (for example, lost productivity) and were unable to cost all of the health states tracked by the NHF model (for example, osteo-arthritis and kidney cancer) for which programme budgeting data are unavailable. On the other hand, the NHF model, in common with most other obesity models developed internationally, does not track disease and costs associated with a healthier, longer living population (for example, increased risk of dementia and other age-related conditions). The net effect of these unvalued diseases is unclear. The model also does not track other treatment costs, for example, bariatric surgery or pharmacotherapy, which will occur if obesity persists into adolescence and adulthood. There is sparse and mixed evidence 39 --41 on the association between BMI and health service costs in children and young adults. We also did not adjust life expectancy for quality of life because quality of life data (utilities) are not readily available or collected using a standardized methodology for all of the weight-related diseases tracked in the model.
Results in relation to other studies Cecchini et al. 42 assessed the health effects and cost effectiveness of public health strategies targeted at diet and physical activity in seven countries including England using a microsimulation model. The strategies aimed to prevent chronic diseases related to obesity (stroke, ischaemic heart disease and cancer) and included school-based health promotion interventions, worksite health promotion interventions, mass media health promotion campaigns, counselling of individuals at risk in primary care, fiscal measures and regulatory methods. The model showed differences in outcomes by age, with interventions targeting adults generating health effects immediately after their implementation and conversely interventions targeting children, regardless of initial BMI, having meaningful effects 40 --50 years later, similar to the time lag we found when modelling interventions for child obesity. Cecchini et al. highlighted differences in health expenditure by stage of life, with almost no effects on expenditure up to 40 years of age, reduced health expenditures between ages 40 and 80 years and increased expenditure in later years because of enhanced survival and need for health care. Again, this pattern was found in our study. They conclude that the prevention interventions, which deliver the best value for money, are improved awareness and information; appropriate fiscal measures affecting the price of fruit, vegetables and foods high in fat; and enhanced regulatory mechanisms such as food advertising to children and compulsory food labelling.
Moodie et al. 43 estimated lifetime cost effectiveness based on the pilot 44 for the LEAP (live, eat and play) trial 30 located in General Practitioners clinics in Melbourne, Australia. The trial, conducted in 5 --10 year olds who were either overweight or moderately obese, compared an intervention modifying lifestyle, diet and exercise with usual care. Estimates of cost effectiveness were calculated assuming a relative BMI reduction of À0.25 (equivalent to À0.06 BMI SDS reduction in a 10-year old male of average height on the obesity threshold) in a cohort of children and adolescents aged 5 --19 years in 2001. The study used Markov modelling to track BMI to 100 years of age and estimate the cost per Disability Adjusted Life Year. The authors estimated a discounted intervention cost of AUD$530 (d300 (year 2001 values)) per child offset by a disease-related cost saving of AUD$350 (d200) per child treated resulting in a cost per Disability Adjusted Life Year saved of AUD$4670 (d2700). In our analysis of a median intervention effect size in obese children aged 10 --11, the incremental discounted costs were d298 (albeit with a higher discount rate) and the discounted cost per life year gained was d13 589. The similar findings of these two independently developed models provide some cross-validation of our results. Meaning of the study Our analyses suggest that there is reason to believe that investment in interventions aimed at treating overweight and obese children will yield health benefits and treatment cost savings over the lifetime of the cohort, although the investment will not be recouped quickly. Although our study is based on the data from England, it is probable that these findings are also relevant for other developed nations with similar childhood overweight and obesity prevalences. Our results cannot be extrapolated to other programmes which have not been evaluated in RCTs, such as the more intensive residential weight loss programmes. 45 Results were largely similar for overweight and obese children at ages 4 --5 and 10 --11 years. This may well be a manifestation of the well-described 'prevention paradox' whereby a large number of people (for example, overweight or obese) exposed to a lower risk of disease generate more cases of disease than a small number of people (for example, obese) with a higher risk of disease. 46 However, given the large numbers of overweight and obese children, health-care commissioners may struggle to afford these interventions for all children who might benefit. For example, to provide a d400 intervention for the 126 000 children in England aged 4 --5 years who are overweight or obese would cost in excess of d50 million and would require large numbers of staff to be trained to deliver the intervention. The initial cost would fall to d21 million if it were restricted to children who were obese. If this investment is made, then the lifestyle interventions evaluated in our study appear to be competitive with other pharmaceuticals and procedures currently recommended through NICE technology appraisals.
14 Unanswered questions and future research Future research is needed to understand the optimum duration of lifestyle treatments for overweight and obese children and longterm follow-up to establish the effectiveness and sustainability of treatments into adolescence and adulthood. Commissioners and providers of interventions should monitor attendance and treatment outcomes for overweight and obese children referred to weight-management programmes. This would allow both a comparison of local treatment outcomes with those reported in the RCTs and an assessment of whether treatment is most effective in specific subgroups, defined by factors such as age, gender, ethnicity and treatment duration. Large observational studies describing the association between BMI and use of health services in adolescents and young adults would be valuable to determine whether the potential cost savings identified in our study can be realized more promptly.
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